Ten white jute genotypes (Corchorus capsularis L.) were evaluated across three different locations including saline and non-saline soils of Bangladesh during 2014 to assess genotype × environment interaction and stability for plant height, base diameter, fresh weight with leaves, dry stick weight and dry fiber weight. Additive Main Effect Multiplicative Interaction (AMMI) model was used to assess the additive and multiplicative interaction of jute genotypes for these characters across three environments. Significant variations in genotype environment interaction were observed for all characters except plant height and base diameter. Based on stability parameters bi 1 and bi o, the genotype C-3465 showed stability for plant height, D-154 for base diameter and fresh weight with leaves. The genotypes C-2753 showed stability for fresh weight with leaves, without leaves and dry stick weight, CVL-1 for fresh weight without leaves, C-2760 for fresh weight with leaves, without leaves and for dry fiber weight across saline and non-saline area. Heritability in broad sense was quite high for all characters (85-90%) except plant height (17%) indicating less environmental fluctuation. Expected genetic advanced of mean was moderate to high (14%-29.16%) except plant height (3.20%) indicating the good scope of selection for improving the traits.
Introduction
Jute (Corchorus capsularis and Corchorus olitorius L.) is an herbaceous annual plant from the Tiliaceae family, mostly grown in Southeast Asian countries (José et al., 2009) . Jute is used in the manufacture of a number of fabrics such as Hessian cloth, sacking, scrim, carpet backing cloth (CBC), and canvas. Hessian, lighter than sacking, is used for bags, wrappers, wallcoverings, upholstery and home furnishings. It is also used as a raw material for the production of paper and pulp (IJO, 1994) . Jute plays a very important role in Bangladesh economy as the country earns about 12-13% of total foreign currency by exporting jute and jute product (BJRI, 1998) . Bangladesh, the second largest producer of jute, produces the best quality jute in the world and leads the export market (Rayhan et al., 2008) . In addition, this crop is particularly important in Bangladesh where many small families depend on the income from growing and selling jute (Ghosh et al., 2013) . Jute covered 6.95% of the total cultivated area occupying 0.5 million hectares and producing 0.96 million metric tons of jute fibre (AIS, 2003) .
Salinity is a universal problem in agriculture of Bangladesh. In Bangladesh, the soils of around 1.02 million ha of farmland is somewhat saline (Haque, 2006) . The area of land is considered as moderate to high saline (8-15 dS m-1 ) or high saline (>15 dS m-1) and is quickly increasing in Bangladesh because of changing global weather (SRDI, 1998) . At present, due to population density, Bangladesh needs more arable land for food crops. So, cultivation of jute is regularly being pressed to the marginal lands with higher grades of soil salinity year round. Jute can grow readily in saline soils (Ma et al., 2009) . Screening and identifying genotypes that maintain productivity under saline conditions is an effective approach (Ashraf et al., 2006) . The present research was undertaken to; i) study the genetic variation within some white jute genotypes and estimate various genetic parameters for important economic characters, ii) evaluate the performance of some jute genotypes in saline and non-saline area of Bangladesh, and iii) screenout the saline stable genotypes for the coastal area.
Materials and Methods
Two separate experiments were conducted in this study; a) germination test at laboratory and b) the field experiment at multi locations (Pakhimara, Patuakhali; Benerpota, Satkhira and Dumki, Patuakhali).
Experimental site
The germination test was done at the laboratory of Genetics and Plant Breeding, of Patuakhali Science and Technology University (PSTU). The germination test was done during the month of January, 2013. Petridish, blotting paper, salt solution (640mg/L) of 4 dS/m, 6 dS/m, 8 dS/m level with control i.e., 0 dS/m salinity was used for germination. 100 seeds / petridish were sown and treatments were replicated three times.
The field experiment was conducted at the Bangladesh Jute Research Institute (BJRI) Sub-station at Pakhimara, Kolapara, Patuakhali and Benarpota, Satkhira and the experimental farm, Patuakhali Science and Technology University, Dumki, Patuakhali during the period from mid-April to mid-August 2013. These three places are located on southern part of the country. Patuakhali district is located at about 21⁰49´-22⁰37´ north latitude and 90⁰08´-90⁰40´ east longitude, Satkhirais located at 21⁰40´-22⁰58´ north latitude and 88⁰54´-89⁰22´ east longitude (Statistical pocket Book of Bangladesh Febuary-2011, BBS). The experimental field belongs to the Agroecological zone of AEZ-13 (UNDP and FAO, 1988) . The experimental area is situated in the sub-tropical climatic zone and is characterized by heavy rainfall during the months of April to September (Kharif Season) and scanty rainfall during the rest period of the year (Biswas, 1987) . The texture of soil was silt to heavy silt in Satkhira, Pakhimara and Dumki respectively. The soil were heavy silt clay, alkaline. Fertility condition and organic matter content were medium to high medium (Quddus, 2009 ). Land type is medium low to low. The average pH of Benarpota 7.4 to 7.3 and that of Pakhimara was 6.8. The highest salinity was at Satkhira 13.7 dS/m and at Patuakhali 11.8 dS/m.
Plant materials
Ten white jute (Corchorus capsularis L.) genotypes were used for this experiment. The name, source of collection and general character of these genotypes are presented in Table 1 . Seeds of all the varieties were collected from Bangladesh Jute Research Institute, Dhaka.
Design and layout
The experiment (both germination test and field experiment) was conducted in Randomized Complete Block Design with three replications. Each plot had three rows of 3m length. Space between rows was 30 cm and plant to plant distance was 15 cm. The genotypes were randomly assigned to each plot.
Seed sowing
Seeds were sown in lines in each environment. The seeds were sown continuous in each line. The experimental environments as differentiated by sowing places are presented below. 
Data collection
Data were recorded on an individual plant basis from 10 randomly selected plants of each replication at the time of harvest which was 130 days from date of sowing. Data on Plant height, Base diameter, Fresh weight with leaves per plant, Dry stick yield per plant, Dry fibre yield plant per plant and Fresh weight without leaves per plant were collected.
Data analysis
In stability analysis, relevant biometrical methods cited in the standard texts were followed (Singh and Chaudhury, 1985; Dabhokar, 1992) . The analysis of variance (ANOVA) was used and the G-E interaction was estimated by the AMMI model (Zobel et al., 1988; Durate and Zimmermann, 1991) . In this procedure, the contribution of each genotype and each environment to the G-E interaction is assessed by using of the bi-plot graph display in which yield means are plotted against the scores of the first principle component of the interaction (IPCA 1). The computational program for AMMI analysis is supplied by Durate and Zimmermann (1991) . The stability parameters, regression coefficient (bi) and deviation from regression (S 2 di) were estimated according to Eberhart and Russell's (1966) model. Significance of differences among bi value and unity was tested by t-test, between S 2 di and zero by F-test. The statistical approaches suggested by Eberhart and Russell (1966) were followed for genotype x environment interaction and estimating stability parameters.
Results and Discussion
The result of germination test at four levels of salinity (0 dS/m, 4 dS/m, 6 dS/m and 8 dS/m) of ten white jute genotypes are presented in Table 3 . Genotype G9 showed high germination percentage. Nasreen et al. (2002) reported that the percentage of germination decreased with the increase of salinity. Mondal et al. (1988) reported that germination was delayed and its percentage decreased as salinity level increased. The value of phenotypic indices (Pi), regression coefficient (bi) and deviation from regression (S 2 di) for morphological parameters is presented in Table ( 4-9). The environmental index (Ij) directly reflected the favorable and unfavorable environments in terms of positive and negative Ij, respectively. However, positive environmental index (Ij) is the favorable environment for trait.
In case of plant height (Table 4) , the genotypic mean and environmental mean ranged from 2.64 to 2.98 m and 2.81 to 2.83 m, respectively. Considering the Pi, bi, and S 2 di, value, it was evident that all the genotypes showed different response to adaptability under differential conditions and the genotype G2 were the highest plant height contributing genotype and stable across all environmental conditions. G2, G4, G9 and G10 were the stable genotypes only in poor environment. Khandker and AIim (2004) reported that increasing salinity level decreased the plant height. They worked to identify the most tolerant species of jute and kenaf to salinity situation. In case of Base diameter (Table 5) , the environmental mean and genotypic mean ranged from 17.21 to 17.32 mm and 15.17 to 20.97 mm, respectively.
Considering the Pi, bi and S 2 di, it was evident that all the genotypes showed different response to adaptability under differential conditions. Genotype G1was stable across a range of environments based on bi and S 2 di value. G 2 , G7 , G 8 and G 10 were stable genotypes only in poor environments. In case of fresh weight with leaves per plant (Table 6) , the environmental mean and genotypic mean ranged from 249.4 to 274.7 g and 210.0 to 320.0 g, respectively. Considering the Pi, bi and S 2 di, it was evident that all the genotypes showed different response to adaptability under differential conditions. Based on bi and S 2 di, the genotypes G 6 , G7 and G9 were stable across all environmental conditions. On the other hand G3 and G5 were the stable genotypes for poor environments and genotypes G1, G2, G8 and G10 stable only favorable environments. Oliveira et al. (1998) found that NaCl concentration above 4000 mg/litre water decreased total dry matter and plant height.
In case of fresh weight, without leaves per plant (Table 7) , the environmental mean and genotypic mean ranged from 223.3 to 240.6 g and 199.4 to 311.7 g, respectively. Based on bi and S 2 di values genotypes G3, G6 and G7 were stable across all environmental conditions. Genotypes G4, G5 and G9 showed suitability only in poor environments. In case of dry stick weight per plant (Table 8) , considering the Pi, bi, and S 2 di it was evident that the genotype G6 was stable across all environments.G1, G2, G7, G8, G9 and G10 genotypes are stable only in favorable environment. In case of dry fibre weight per plant (Table 9) , the environmental mean and genotypic mean ranged from 10.56 to 10.95 g and 8.14 to 18.03 g, respectively.
Considering the Pi, bi, and S 2 di it was evident that all the genotypes showed different response to adaptability under differential conditions and the genotypes G7was highly stable across all environmental conditions. G1, G2, G6 and G9 genotypes were stable only in poor environment. Waseque et al. (1954) observed Dry weight of bark declined gradually with increasing concentration of NaCl. Suraiya et al. (1992) carried out an experiment in petridish to study the salinity effect on jute (CVL-I and 0-9897), Mesta (HS-24) and Kenaf (HC-2) cultivars. Seeds were treated with deionized water (control), 1000, 4000 and 8000 ppm of NaCI. Total dry matter and length of root and shoot were significantly affected by treatment.
Considering the IPCA1 and IPCA2 (Figure 1 ) G1, G6, G7 and G8 were the stable genotypes for dry fibre weight of jute. From the Figure 2, 
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the mo del was 100 % fit for dry fibre weight in all environments. Broad-sense heritability (H b ), expected genetic advanced percentages and phenotypic and genotypic coefficient of variation under all environment for each morphological parameter studied are shown in Table 8 . Heritability of all parameters was above 85% and above except plant height (17%). Such high heritability values indicate that selection based on these parameters would be effective for genetic improvement of salinity tolerance in jute.
All chacracters showed low to m oderate phenotypic and genotypic coefficient of variation. Expected genetic advanced of mean was moderate to high (14%-29.16%) except plant height (3.20%) indicating the good scope of selection for improving the trails. Talukdar and Haque (1992) Env-1 Env-2 Env-3
Conclusions
Among the genotypes G2, G4, G9 and G10 could be considered as stable under poor environment i.e. less sensitive to poor environments of Env-1 (Patuakhali) and Env-2 (Satkhira). Out of ten genotypes, G8 was highly stable under all environmental condition for plant height, G1 for base diameter (based on bi and s 2 di value). G6, G7 and G9 could be considered as adaptive to environmental change for fresh weight with leaves per plant due to the bi value near to 1. Genotypes G3, G6 and G7 were less responsive to environmental change, therefore, more adaptive to environmental fluctuation based on bi value near 1 for fresh weight with leaves per plant. Genotypes G6 was stable under all environments for dry stick weight due to non -significant bi and S 2 di value. Among these genotypes highest fibre producing genotypes were G2, G8 and G10 due to positive Pi value. G6 was highly stable for fibre yield in all environments due to non -significant bi and S 2 di value. Based on IPCA1 X IPCA2 interaction score genotypes G6, G7 and G8 showed more stability in a range of environments. But G2 was stable in Env-2 (Satkhira).
